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Abstract
This paper reports on a pilot study
investigating the effects on the gait of two trans-
femoral amputees of to the inclusion of a torque
absorber (TA) and its location relative to the
knee unit. Both subjects carried out gait tests
with a prosthesis with no TA with, a TA
proximal to the knee unit and with a TA distal to
the knee unit. Three-dimensional gait analysis
was carried out to establish the kinematic and
kinetic gait parameters of both the prosthetic and
sound side. It was found that the TA did not
significantly affect the sagittal kinetic and
kinematic parameters of the sound or the
prosthetic side. However, for one subject the
axial rotation of the socket relative to the foot
was significantly greater with the TA. It was
concluded that by using the methodology of this
pilot study, it is possible to investigate the
rotations in the transverse plane within the
prosthetic limb and pelvis. Further, including a
TA may reduce the relative motion between the
stump and the socket and therefore may decrease
skin breakdown due to diminished shear forces.
Introduction
An important factor in the walking comfort of
a lower limb amputee is the relative movement
between the socket and the stump. Several
studies have been carried out to investigate the
pressure distribution at the stump-socket
interface (Krouskop et al, 1987; Lee et al, 1997;
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Lappe and Jones, 1998). However, these studies
did not provide detailed information on the
relative movement between the socket and the
stump, which are believed to lead to shear forces
and excessive pressures.
Non-pathological gait is characterised by
transverse rotation at the hip and knee
(Lafortune et al., 1994). Nester (2000) rejected a
direct correlation between rearfoot complex
motion and transverse plane motion at the hip
and knee with respect to magnitude and
temporal characteristics. However, this author
did support the theory that a link between
transverse rotation at the hip and knee and
motion at the rearfoot complex exists, whereby
the extent of motion at each joint may vary
between individuals. This transverse rotation is
an important factor, which allows transverse
rotation of the lower limb to occur without (also)
causing transverse rotation of the foot.
Unlike the natural limb, hardly any rotation
outside the sagittal plane exists in the trans-
femoral prosthesis. The lack of movement
between prosthetic segments has to be
compensated for by movement at proximal
joints. In this case the stump-socket interface
can be regarded as a joint, which allows relative
movement between the skeleton and the socket
to compensate for the lack of movement
between the prosthetic segments. This relative
movement can be either due to slippage of the
stump within the socket or due to distortion of
the tissue during the contraction of muscles,
both of which can result in irritation of the
tissue.
Manufacturers of prosthetic components
claim that the inclusion of a torque absorber
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(TA) or torsion adapter limits the shear forces
transmitted by the socket to the stump. In a study
by Lamoureux and Radcliffe (1977) a TA
incorporated just proximal to the foot in the
prostheses of two trans-femoral amputees
resulted in an increased axial pelvic rotation,
increased external rotation of the shank and
increased rotation between the socket and the
pelvis. However, no statistical significance was
reported and no rationale was given for the
choice of the relative location of the TA.
The purpose of this study is to investigate the
effects of a torque absorber and its location
relative to the knee on the kinematic and the
kinetic parameters.
Method
Subjects and prostheses
Two male trans-femoral amputees
participated in the current study. Subject (A), a
left amputee, was at the time of the tests 48 years
of age, had a body mass of 75kg and a height of
1.80m. Subject (B), a right amputee, was also 48
years of age, his body mass was 73kg and height
1.80m. During the tests both subjects used a
prosthesis with an ischial containment socket
and a SACH foot. Both sockets used suction for
suspension and consisted of a flexible inner liner
and a rigid outer shell. The sockets used for the
tests were copies of the patients' own sockets.
Both subjects normally use a modular single axis
knee joint with hydraulic swing phase control
(3R45, Otto Bock Orthopadische Industrie
GmbH & Co., Duderstadt, Germany) and the
same type of unit was used for the test
prosthesis. The daily prosthesis of subject A
included a torque absorber distal to the knee
unit.
Three different experimental conditions were
studied; with a torque absorber (4R40, Otto
Bock, with a range of motion of ±20 degrees)
proximal to the knee unit, with the same torque
absorber distal to the knee unit and with no
torque absorber.
Prior to the tests the approval of an ethical
committee was sought and both subjects signed
an informed consent form.
Experimental procedure
Different marker sets were used for the
prosthetic and the sound sides. Also, the marker
sets for the prosthetic side varied with the
location of the torque absorber. Figure 1 shows
the location of the markers for the different
conditions.
In all conditions, reflective markers were
attached to the right and left anterior superior
iliac spines of the pelvis and 132mm posterior to
the midpoint between the two posterior superior
iliac spines (PSISs) using a stick, which was
No Torque Absorber
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Fig. 1. Marker placements for the different locations of the torque absorber. P: prosthetic side. S: sound side.
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held on with a waist band. With this marker the
location of the midpoint between the right and
left PSIS could be estimated.
Markers were also attached to the medial and
lateral epicondyles of the femur, the medial and
lateral malleoli and to the medial and lateral
sides of the estimated location of the prosthetic
ankle joint.
The locations of the most medial and lateral
aspects of the hinge of the knee units were
derived using a calibration procedure, which
was adapted from the Calibration Anatomical
Systems Technique (CAST) by Cappozzo et al.
(1995) and was carried out prior to the actual
walking trials. This procedure was used because
it was difficult to keep markers attached to the
hinge of the knee axles due to movements during
walking. In this procedure, a stick incorporating
two light reflective markers was pointed to the
most medial and lateral aspects of the hinges of
the knee unit, during the static calibration trial.
Using the co-ordinates of the two markers on the
stick, the locations of the medial and lateral
aspects of knee axle were derived.
The subjects performed five successful
experimental walking trials at their self-selected
comfortable walking speed. In each
experimental trial the subject walked in a
straight line of about 7m in length. The middle
section of the walkway contained 2 force plates
(Kistler Instrumente AG, Winterthur,
Switzerland), which were built-in level with the
floor. The kinematics were recorded using a
five-camera MacReflex computerised motion
analysis system (Qualysis AB, Partille, Sweden)
at a sampling frequency of 50Hz. Synchronised
with the sampling of the kinematic data, the
ground reaction forces (GRF) and moments
were measured by the force plates.
Data analysis
The raw kinetic and kinematic data were
further processed using MatLabTM
(Mathworks, Inc, Natick, USA). The three-
dimensional body marker co-ordinates were
filtered with a fourth order recursive
Butterworth filter with a cut-off frequency of
6Hz.
Since no markers were attached to the
prosthetic knee unit during the experimental
trials, the most medial and lateral aspects of the
prosthetic knee unit required for the estimation
of the position of the knee joint centre were
calculated using:
l.the co-ordinates of the medial and lateral
aspects of the prosthetic knee during the static
calibration trial;
2. the co-ordinates of the 3 markers attached to
the socket during the static calibration trial;
3. the co-ordinates of the 3 markers attached to
the socket during the walking trial.
The equations necessary for the above
calculations involve a matrix transformation
technique according to Veldpaus et al. (1988)
and Veeger et al. (1993) and are included in the
Appendix.
Local segment systems were defined for each
segment and were used to derive the 3D Euler
joint angles (Wu and Cavanagh, 1995) and
angular velocity as in Berme et al. (1990).
The transverse rotation occurring within the
torque absorber was derived from the relative
rotation between the marker systems distal and
proximal to the torque absorber.
Translational accelerations were obtained
from the filtered co-ordinates of the segment
centre of gravity using a 5-point differentiation
method. Sound limb segment mass, moment of
inertia and location of centre of mass were
derived using the tables of de Leva (1996).
Segment parameters of the stump and the
components of the prosthesis were estimated
assuming them to be simple homogeneous
geometrical shapes. Sound ankle and knee joint
centres were assumed to be the midpoints
between the malleoli and the epicondyles of the
femur, respectively. Similarly, centres of
rotation of the prosthetic ankle and knee joints
were assumed to be the midpoints between the
medial and lateral aspects of the joints.
The positions of the hip joints were calculated
from the anatomical landmarks of the pelvis
according to Seidel et al. (1995).
Reference systems and sign conventions
Inverse dynamics was applied using a linked
rigid segment model to calculate the
intersegmental forces and moments referred to
the global axis system (Fig. 2). The ground
reaction force (GRF) was defined as that acting
by the ground on the subject being positive in
the following directions: the fore-aft force (Fx)
directed forwards, a vertical force (Fy) directed
upwards and Fz directed from the left to the right
of the subject. Moments were defined as exerted
by a distal segment on a proximal segment due
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walking direction
Origin
force plates
Y
X
Fig. 2. Diagram of the floor plan of the gait laboratory
with the two force plates and the orientation of the global
axis system.
to the external load actions. The moments
presented in this study were calculated relative
to the relevant local axis systems.
The stride parameters, were derived by
estimating the instants of heel strike and toe off
from the time curves of the GRF and the
trajectories of the markers on the shoes.
The time bases of the curves of the ground
reaction forces were normalised to 100% for the
duration of one gait cycle. The time bases of the
curves of the moments and angles were
normalised to 100% for the duration of one
stance phase.
Statistical analysis
For each subject, significant differences
among the 3 torque absorber conditions were
Table 1. Subject A: mean and standard deviation of the
walking speed and stance phase duration.
Speed
(ms-')
Stride length
(m)
Sound Stance
(%GC)
Prost Stance
(%GC)
noTA
0.95
0.02
1.30
0.03
69
1
54
1
ProxTA
0.98
0.04
1.32
0.04
67
2
54
1
DistTA
1.00
0.04
1.35
0.03
67
1
54
1
determined by repeated measures one-way
analysis of variance (ANOVA) with the TA
condition as main factor. Level of significance
was p=0.05.
Results
Stride parameters
The temporal and spatial temporal parameters
of subjects A and B are shown in Table 1 and 2
respectively. Subject A had a slightly higher
average walking speed (0.98ms ) compared to
subject B (0.81ms ). However, when comparing
the results between the 2 subjects, subject B
showed a higher symmetry between the sound
and the prosthetic side which means he spent
more time on his prosthetic side and less on his
sound side. There were no apparent differences
among the different torque absorber conditions
for either subject A or subject B.
Ground reaction forces
The time curves of the anteroposterior
component of ground reaction force (GRF) are
shown in Figure 3a (subject A) and Figure 3b
(subject B). Again, a higher level of symmetry
was found for subject B. For this subject the
peak anterior forces of the prosthetic and sound
side were more equal than those for subject A.
No differences existed among the GRF curves
of the three TA conditions.
Joint moments
Figures 4a (subject A) and 4b (subject B)
show me rotational moments at the hip relative
to the local axis system of the socket, averaged
over 5 trials. For both subjects the rotational
moments were generally low and the shape of
the curves of the two subjects was very different.
However, for both subjects the condition with a
Table 2. Subject B: mean and standard deviation of the
walking speed and stance phase duration.
Speed
(ms-i)
Stride length
(m)
Sound Stance
(%GC)
Prost Stance
(%GC)
noTA
0.82
0.02
1.27
0.02
65
1
58
1
Prox TA
0.81
0.01
1.27
0.03
65
2
58
1
Dist TA
0.80
0.02
1.24
0.01
66
1
55
2
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anteroposterior component GRF (N/body weight) anteroposterior component GRF (N/body weight)
•0.2
20 80 100 12040 60
% gait cycle % gait cycle
(a) (b)
Fig. 3. Anterior-posterior component of the ground reaction force (GRF) for subject A (Fig. 3a) and subject B (Fig. 3b).
The time base is expressed as % gait cycle starting with left heel strike, which is the prosthetic side for subject A and the
sound side for subject B. The curves are the average of 5 trials. - no TA, o distal TA,: proximal TA.
torque absorber seemed to result in slightly
higher internal rotation moments and lower
external rotating moments. The moments in the
transverse plane at the knee were also calculated.
However, no general trend regarding the effect
of the inclusion of the torque absorber was found
and therefore these moments are not presented in
this paper.
Rotations in the transverse plane
Figures 5a (subject A) and 5b (subject B)
show the rotation between the socket and the
pelvis (top) and the rotation between the socket
and the foot (bottom). The rotation of the
segment distal to the TA relative to the segment
proximal to the TA is illustrated in Figure 6a
(subject A) and 6b (subject B). The time curves
in Figures 5 and 6 are those from individual
typical trials since averaging may hide important
information which can be derived from the
shape of the curve, such as the timing.
The results derived for the 2 subjects were
different. The rotation at the TA for subject A
was less than the rotation calculated for subject
hip moment(Nm), externally rotating positive
20 40 60
%stance phase
(a)
80 100
hip moment(Nm), externally rotating positive
20 40 60
% stance phase
(b)
80
Fig. 4. Transverse plane hip moment (Nm) at the prosthetic side for subject A (Fig. 4a) and subject B (Fig. 4b). The time
base is expressed as % stance phase duration. The curves are the average of 5 trials. - no TA, o distal TA,: proximal TA.
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pelvis-socket rotation(degr) external rotation positive
20 r
pelvis-socket rotation(degr) external rotation positive
20 r
0 20 40 60 80 100
socket-foot rotation(degr) external rotation positive
0 20 40 60 SO 100
socket-foot rotation(degr) external rotation positive
10 20 30 40 50
%stance phase
(b)
%stance phase
(a)
Fig. 5. Transverse rotation between the pelvis and the socket (top) and the socket and the foot (bottom) for subject
A (Fig. 5a) and subject B (Fig. 5b). The time base is expressed as % stance phase duration. The curves derived from typical
trials for each condition. - no TA, o distal TA, : proximal TA.
B, especially during mid- and terminal stance.
As a result, the rotation of the socket relative to
the foot was also small; less than 3 degrees for
the proximal TA condition. For the condition
with the TA distal to the knee unit about 5
degrees of rotation between the foot and the
socket during loading was found. The rotation of
the socket relative to the pelvis did not show any
clear differences between the three TA
conditions for subject A.
However, when a TA was incorporated in the
prosthesis of subject B, the rotation at the TA
reached a maximum of 8 degrees around the
instant of opposite initial contact. This allowed
the socket to rotate externally relative to the foot
and as a result the socket also rotated more
externally relative to the pelvis.
Table 3 and 4 show the values for the total
range of motion in the transverse plane between
the socket and the foot (R0MSF), the total range
of motion in the transverse plane between the
pelvis and socket (R0MPS), and the total range
of motion in the transverse plane between the
segments distal and proximal to the TA
TA rotation (degrees), external rotation positive
4
20 40 60
% stance phase
(a)
80 100
TA rotation (degrees), external rotation positive
4
20 40 60
% stance phase
(b)
Fig. 6. Rotation within the torque absorber in the transverse plane for subject A (Fig. 6a) and subject B (Fig. 6b). the time
base is expressed as % stance phase duration. The curves derived from typical trials for each condition, o distal TA, :
proximal TA.
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Table 3. Subject A: mean peak values and standard
deviations of the total range of motion between the
segments distal and proximal to the torque absorber
(ROMTA), the range of the transverse rotation between the
pelvis and the socket (ROMpl) and the total range of
transverse rotation between the socket and the prosthetic
foot (ROMS().
ROMTA
(deg)
ROMps
(deg)
ROM,,
(deg)
noTA
15.4
1.7
3.8
1.2
Prox TA
4.2
0.6
18.4
2.1
5.9
0.9
Dist TA
7.0
1.7
15.2
2.7
7.7
3.1
(R0MTA). The R0MSF with the torque absorber
included in the prosthesis was higher compared
to the condition without a torque absorber for
both subjects. However, this difference was only
significant (p<0.01) for subject B. The ROMps
was slightly higher in the conditions with the TA
included in the prosthesis of subject B, but this
difference was not significant. No significant
differences in ROMTA were found between the
conditions with the TA distal and proximal to
the knee joint.
No transverse rotation is expected in the
condition without the TA included, so any
rotation measured in this condition is the result
of play in the knee joint and errors in the
reconstruction of the markers and in the
calculation of Euler angles. For both subjects
this error was around ±3 degrees.
Table 4. Subject B: mean peak values and standard
deviations of the total range of motion between the
segments distal and proximal to the torque absorber
(R0MTA), the range of the transverse rotation between the
pelvis and the socket (ROM^) and the total range of
transverse rotation between the socket and the prosthetic
foot (ROM,,).
R0MTA
(deg)
ROM,,
(deg)
ROM,,
(deg)
noTA
7.0
0.8
7.0+
1.1
ProxTA
9.3
1.8
8.3
0.9
17.0+
2.5
Dist TA
6.4
2.2
9.9
0.4
15.8+
2.6
+
 significant difference between the TA conditions at
p<0.01
Discussion
It was found that the torque absorber condition
did not affect the sagittal kinematics and kinetics
of the gait of the 2 amputees participating in this
study. However, when a TA was incorporated in
the prosthesis of subject B, a clear effect on the
rotation of the socket relative to the foot was
found. Most of the rotation of the socket took
place during the single support phase. After
opposite toe-off, the pelvis starts to retract, and
the stump will probably rotate externally with
the pelvis. When a TA was included in the
prosthesis, the socket rotated externally with the
pelvis reaching a maximum rotation at opposite
initial contact.
Contrary to subject B, little effect of the
inclusion of the TA on the kinematics of the
socket was found for subject A. This may be
explained by the pelvic rotation for subject A
which differed from that of subject B and that in
normal gait. Retraction of the pelvis only
occurred briefly at terminal stance. Additionally,
the fact that subject A did not load his prosthetic
side as much as subject B, could explain that the
effects of the TA were less obvious.
It should be noted that the rotation angle and
the rotation moment between the socket and the
pelvis however does not necessarily provide an
indication of the rotation between the socket and
the stump. Neither this rotation nor the shear
forces due to this rotation were measured in this
study and do not relate directly to the rotation
angle and moment between the socket and the
pelvis. However, the authors of this study
believe that the difficulties in quantifying the
shear forces at the stump-socket interface which
may result from the lack of transverse rotation in
the prosthetic limb can be approximated by
quantifying the transverse rotation of the socket
relative to the foot. It was found that with a TA
included in the prosthesis, rotation between the
socket and the foot was greater than without a
TA. This could indicate that the socket is
allowed to rotate with the stump, which implies
that motion between the stump and the socket
may have been reduced.
The results regarding the location of the
torque absorber in trans-femoral amputees were
inconclusive for the 2 subjects in this study.
Another study is currently being undertaken,
which involves an investigation into the effects
of a torque absorber, a torque-shock absorber
and no absorber on amputee gait. Force sensors
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will be used inside the socket in addition to gait
analysis similar to that used in the previous
study. This will quantify any change in the
distribution of forces inside the socket.
Conclusion
It was shown that the methodology used in
this pilot study was successfully applied in order
to investigate the effect of a torque absorber and
its location relative to the knee joint.
The transverse rotation allowed by a TA may
improve the comfort of the socket by reducing
the friction induced by rotation between the
socket and the stump. Further studies on the
effects of a torque absorber with more subjects
should be carried out.
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Appendix
The co-ordinates of the medial and lateral
aspects of the prosthetic knee joint in the
experimental walking trials were calculated as
follows:
First, the translation vector V(t) and the
rotation matrix t(t) were calculated, which
define the transformation between the socket
markers in the static calibration trial (SM cal) and
those in the experimental trial (SMexp(t)). This is
repeated for every video frame (t). Secondly,
SMcai, V(t), t(t) and the co-ordinates of medial
and lateral aspects of the knee in the calibration
trial KMcal, were used to calculate medial and
lateral aspects of the knee every frame of the
experimental trial
KMexp (t). Mathematically: (Veldpaus et al.,
1988). _ _
KMexp(t)=t(t). (KMcal-SMcal)+SMcal+V(t)
where:
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KMexp (t)=Vector representation of the medial
and lateral aspects of the knee in frame t of the
experimental walking trial.
~KMcai=Vector representation of the medial and
lateral aspects of the knee during the static
calibration trial.
5A/ca/=Vector representation of the centroid of
the four socket markers in the static calibration
trial.
7(7J=Matrix describing the rotation of the socket
segment from its orientation in the calibration
trial to that in the frame t of the experimental
trial.
V(t)=Vector to translate the centroid of the
socket markers in the calibration trial to frame t
of the experimental frame.
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